The detrimental effects of gall-inducing insects on their host plant's growth and fitness have been documented numerous times (reviewed by Fernandes 1987) . For instance, the impact of gallers on host quality and fitness has been used effectively in the biological control of some invasive plant species (e.g. Dennill 1985 ). An advantage of galling insects as biological control agents resides in their systemic impact on the host plant. Galls act as physiological nutrient sinks on their host plants, because nutrients move from healthy tissues and neighboring plant parts to the gall itself (e.g., McCrea et al. 1985) . Galls also change the architecture of the attacked and neighboring host organs and sometimes the entire host plant (e.g., Mani 1964; Hartnett & Abrahamson 1979; Fernandes et al. 1993; Goncalves-Alvim et al. 1999) , often diminishing the development and performance of the host.
Many studies have shown a reduction in flower, fruit, seed, and biomass production caused by gall formation (e.g., McCrea
Impact of a gall midge Parkiamyia paraensis (Diptera, Cecidomyiidae) on the Amazonian plant Parkia pendula (Fabaceae) 1985; Sacchi et al. 1988; Fernandes & Ribeiro 1990; Souza et al. 1998) . Mirabilis linearis (Nyctaginaceae) attacked by a cecidomyiid gall inducer (Diptera, Cecidomyiidae) in the upper Sonoran Desert in northern Arizona had significantly fewer fruits than healthy plants and attacked stems showed significant reduction in fruit number compared to healthy adjacent stems (Fernandes et al. 1993) . Potential viable fruit number was also decreased by gall formation, suggesting that galling insects had the potential to influence the success of their host plant by reducing fitness in susceptible individuals.
On the other hand, attack by some galling insects can increase plant growth and, hence, plant biomass. For instance, the attack by the galling species Euura lasiolepis (Hymenoptera, Tenthredinidae) on Salix lasiolepis (Salicaceae) induces the growth of new vegetative parts that are attacked in the next generation (Craig et al. 1990 ). Stems of Vernonia polyanthes (Asteraceae) attacked by the galling tephritid, Tomoplagia rudolphi (Diptera, Tephritidae) also produced more shoots and a larger number of inflorescences compared to healthy stems (Silva et al. 1996) . Otherwise, the net effect may be detrimental to the host as attacked organs produce fewer viable seeds.
With the need to develop programs for the propagation of wild native species for land rehabilitation in the tropics, knowledge is being accumulated on the herbivores that feed on such species. In some cases galling insects are the most common herbivores of such plant species [e.g., Baccharis (Asteraceae) Fernandes et al. (1996) , Bauhinia (Leguminosae) (Cornelissen & Fernandes 2001) ]. Species of the genus Chlorophora are severely impacted by galling psyllids of the genus Phytolyma (Homoptera: Psyllidae) in the forests of Ghana (Wagner et al. 1991) . Perhaps another example in the tropical rain forest in the Amazon basin in Brazil is Parkia pendula (Willd.) Benth. ex Walp. (Fabaceae), popularly known as "fava-de-bolota" (Peres-Carlos 2000) .
Parkia pendula is a common plant of the Amazonian rain forest (Lorenzi 2002) . This species has been intensely propagated and used in a pioneer land rehabilitation program of the plateaus of Porto Trombetas, Para State, North Brazil. During a survey of insect galls on stands of planted native species and adjacent primary forest we observed the occurrence of large numbers of insect galls on the compound leaflets of P. pendula. Galls were so abundant that attacked plants could be spotted at a distance because of their distorted architecture. In an attempt to provide a first approximation of the impact this galling herbivore on this economically and ecologically valuable plant species, we address two questions: i) what is the frequency of attacked plants in the field?; and ii) what is the impact of galls on the host plant in the nursery.
METHODS
Parkia pendula (Willd.) Benth. ex Walp. (Fabaceae), popularly known as "fava-de-bolota", occurs in the "terra firme" forest of the Amazonian rain forest, and in the Atlantic rain forest of Bahia and Espírito Santo states in Brazil (Fig.  1ab) . It ranges from 20 to 30m in height, and is an evergreen sun species. It flowers from August to October. Inflorescences and fruits hang from the branches giving it an ornamental appeal, encouraging its use as an ornamental species. Its wood can be used for civil construction, and furniture, among other uses (Lorenzi 2002) . Furthermore, this species is widely used by fauna as their flowers, fruits, gum, and leaves are readily feed upon by birds, mammals (PeresCarlos 2000) and insects.
The galls are induced by a newly described species, Parkiamyia paraensis Maia (Diptera, Cecidomyiidae). They are green and formed by the union of two compound leaflets that assume the aspect of a pea (Maia &Fernandes 2006) (Fig.  1d) . When the attack is intense, galls may become coaslecent, stacking upon each other. Inside the one-chambered and glabrous galls only one larva is found. When mature, galls dehisce due to the opening of the gall equatorial plan. Afterward, they become yellowish and then brown, and later fall off the plant. Generally, the galling insect emerges from the gall before dehiscence and leaves its exuvia attached to the gall wall at its equatorial plane (Maia & Fernandes 2006 humidity in open-air green houses and then transplanted to polypropylene bags (1Kg). After hardening they were planted in the field with a supplement of substrate composed of three parts of soil, two parts of manure, 10g of micronutrients FTE BR-12 (powder= Zn 9.0%, Mn 2.0%, B 1.8%, Mo 0.1%, Cu 0.8%, Fe 3.0%, Co 0.0%), 130g of NPK 04-14-08, and 40g of Yoorim © fertilizer (granulate= P 2 0 5 total 18.0%, P 2 0 5 solution of citric acid (at 2.0%) 13.0%, Ca 20%, Mg 7.0%). Before planting, soil was corrected for acidity with 130g of CaO 38%, MgO 12.5%, sum of oxides 50.5%, PN 99.02%, PRNT 90.01%. Plants received no further fertilization or irrigation. All P. pendula individuals grew under the same environmental conditions (light, water, and nutrients).
To answer the question of galling attack rates in the field, additional observations on the density of attacked plants were carried out in April 2004. Two plots of 50x50 m were randomly marked in the Plateu Papagaio I (01° 38' 22.5S and 56° 26' 27.9W), II (01° 38' 34.3S and 56° 26' 39.2W), and III (01° 37' 57.7S and 56° 26' 42.1W). All the plants sampled in the field did not possess more than three meters of height. We then counted all individuals of P. pendula found in each plot and recorded whether they had been attacked or not. In a single plot of each stand we recorded the percentage of plants that had their terminal parts dead as a result of galling. We also collected attacked leaves for evaluation of gall abundance and weight.
To answer the question on the impact of P. paraensis galls on the host plant, fifteen attacked and fifteen healthy one year-old plants were randomly selected in the nursery (Fig.  1c) . We assumed that the ambient exposed nursery plants were naturally colonized by the galling insects, that could be found only 15-25m from adjacent primary forest. We recorded nursery plant's height, root and plant weight, number of compound leaves, number of healthy leaflets, total number of leaflets, number of attacked leaves, number of attacked leaflets, number of galls/leaflet, and, finally, the total number of galls. In an attempt to discount the weight of the galled tissue (galls) from healthy tissue on attacked plants, we estimated the expected weight that an attacked plant would have without galls by the formula: EW = R * L. (EW = expected weight. R = ratio between the length and weight of healthy plants. L = Length of attacked plants). (* = Multiplication). Finally, we Impact of a gall midge Parkiamyia paraensis (Diptera, Cecidomyiidae) on the Amazonian plant Parkia pendula subtracted the expected weight from the weight of the galled plant (galls and healthy tissue). The data were analyzed by two-sample t-test (Zar 1996) .
RESULTS AND DISCUSSION
Field plants of P. pendula attacked by P. paraensis were easily found due to their prostrated architecture. Galling was so massive on some individuals that the attacked leaves and branches curved down. Due to the high abundance of galls, the terminal stems died back on many plant individuals. In April 2004, we observed that out of 86 attacked P. pendula plants in the three plots, approximately 72% of the plants attacked in previous year had their terminal parts killed by galling.
Casual observation indicated that the gall is spreading into the reforested areas. In November 2003 only a few (<3%) individuals of P. pendula were attacked in the stand Plateau Papagaio 2002 I. In April 2004 galls had already spread to the neighboring stands, Papagaio 2002 II and III. Perhaps a factor that has been influential on this phenomenon is the fact that in the restored stands of Mineração Rio do Norte, plant species are placed at random in the field but much closer to each other and at considerably higher density than in the native forest. In the native forest of Porto Trombetas, individuals of a same species are often found hundreds of meters from its conspecific (see Parrotta et al. 1997) . Furthermore, windy conditions, that could influence the dispersal potential of the galling insect, are certainly much more prevalent in the open stands as compared to the forest interior.
An average of 29 individuals of P. pendula was found per studied plot, representing approximately 5.4% of all plants present in the 250 m 2 plots. Of this percentage, an average of 86.12% of the plants was attacked by P. paraensis in the field, with a range of 75.86% to 92.86%.
Under nursery conditions, P. paraensis galls were very common on P. pendula. The average number of attacked leaves per plant was 7.3 ± 1.9 (mean ± SD, n = 15), which represented approximately 50% of the total available leaves on attacked saplings (14.7 ± 3.4, mean ± SD, n = 15). The average number of attacked leaflets per plant was 139.9 ± 55.8 (mean ± SD, n = 15); hence representing approximately 35.24% (396.9 ± 102.8, mean ± SD, n = 15) of the available compound leaflets. The total average number of galls per one year-old plant was 1,271.8 ± 843.5 (mean ± SD, n = 15) while the average number of galls per leaflet was 8.5 ± 3.6 (mean ± SD, n = 15). Therefore, the average biomass allocated for the gall production per plant was 60.49 ± 31.03g (mean ± SD, n = 15) on one year-old nursery plants.
Under nursery condition, attacked plants were two-fold taller than healthy plants. The height of attacked individuals was 69.4 ± 8.2cm (mean ± SD) while the height of healthy plants was 32.8 ± 10.1cm (mean ± SD) (t-test = 10.91, p<0.0001, n = 30). The biomass of attacked plants was also higher compared to healthy plants. The total weight (roots and aerial part with galls) of attacked plants was 110.2 ± 37.2g (mean ± SD) whilst healthy plants weighed only 21.6 ± 8.4g (t-test = 8.998, p<0.0001, n = 30) . Therefore, attacked plants by P. paraensis weighed five times more than healthy plants. Otherwise, when the weight of the galls was removed the total weight (roots and aerial part without galls) of attacked plants was reduced to 49.73 ± 9.25g (mean ± SD) (t-test = 8.706, p<0.0001, n = 30). These data clearly show that most of the biomass of attacked seedlings was formed by galled tissue induced by P. paraensis.
When we separated the aerial parts from the roots to observe possible differential impact between parts of the same plant individual, the same trends were found. The aerial parts of attacked plants were six fold heavier compared to healthy plants (t-test = 9.07, p<0.0001, n = 30, Fig. 2 ). When the weight of galls was removed from the aerial parts (expected weight), attacked plants continued to weigh more than the healthy plants (t-test = 8.294, p<0.0001, n = 30, Fig. 2 ). The roots of attacked plants weighed almost three times more than the roots of healthy plants (t-test = 5.34, p<0.0001, n = 30, Fig. 2) .
Several studies have shown that galling attack promotes a reduction on the development and performance of its host plant (reviewed by Fernandes 1987; Harris 2002) . One-yearold nursery P. pendula plants attacked by P. paraensis were, otherwise, larger and weighed more than healthy plants. These data may indicate a paradox as young plants attacked by the galling herbivore appears to develop more vigorously than unattached plants. On the other hand, females of P. paraensis may have selected the most vigorous hosts to lay their eggs (see Price 1991) . Otherwise, the continued attack by galling insects and development in the field may result in diminished competitive ability with other plants and lower quality fruit and seed set. Much work is still needed to better understand the association of P. paraensis and its host plant both under experimental conditions (nursery and planted forest) and in the primary forest. Because P. pendula is a keystone plant resource in the Amazonian basin (Peres-Carlos 2000) and an increasingly important species used in restoration programs (Parrotta & Knowles 2001) , future work is needed to determine whether galling is a risk to be considered in restoration programs.
